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FORWARD 


Several things have- been achieved through this grant; 

(1) Three papers have been written. Two have been 
published in the Journal of Geophysical Research 
and the third was presented at a meeting of the 
American Geophysical Union. 

(2) A catalog of low-frequency oscillations has been 
created. This catalog spans a continuous time 
interval of twelve months, from September, 1967 
through August, 1968. 

(3) Several undergraduate students have benefited 
from working on the projec-b. The three most out- 
standing students were Freddie Mason, Calvin Countee, 
and Donald Lyons . Mr . Mason is now working in a 
technical capacity for Libby-Owens-Ford. Mr. Countee 
is a graduate student in the Physics Department at 
Louisiana State University. Mr. Lyons will enter the 
graduate program in Physics at Stanford University 
this fall. 
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SOME CHARACTERISTICS OP 
LOW FREQUENCY OSCILLATIONS 
OBSERVED AT ATS-1 
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Orambling, La. 712^5 

and 

P. J. Coleman, Jr« . 

Department of Planetary and Space Science 
Institute of Geoi*ysics and Planetary Physics 
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Low freqxiency oscillations of the magnetic field at ATS~1 have been 
analyzed for the 25 month data interval, Dec., 1966 throu^^ 1968. Irregular 
oscillations end those associated with magnetic storms were excluded fron 
the analysis. Of the 222 events identified, 170 were found to be 
oscillating predominantly transverse to the background magnetic field. 

The oscillations were observed to occur most frequently in the early 
afternoon hours. They also seemed to occur more frequently during 
Dec., Jan., and Feb. than at any other time of the year . During a given 
event the frequency was fairly constant. The frequency of individual 
events varied between 1.5 x 10~3 h* < f < 20 x 10-3 Hz with a broad peak 
near f ■ 10 x 10*3 Hz. The event duration varied between a minimum of 
10 min. and a maximum of lU hrs and 26 min. During a given event the 
amplitude varied. Hie average maximum event amplitude was « 3 y • 


Low frequency oscillations of the magnetic field at ATS-1 have been 
analyzed for the two year period, Dec., 1966 through 1968. During 17 of the 
25 months of the data interval the magnetometer was operating more than 90 
percent of the time . In only two months did the observation time fall below 
90 percent: April, 1967 and Sept., 1968 (no data). A previous report 

(Cunndngs, et. al. , I969) was based on data from only one month (Jan., 1967). 

A variety of periodic variations in the magnetic field are observed at ATS-1* 
Hon-transverse oscillations are frequently observed during magnetic storms 
(Barfield and Coleman i 1970), and magnetic substonns ( McPherron and Coleman . 
1970). These rather Irregular oscillations are not Incliided in this report. 
However, compressional oscillations that are very occasionally observed during 
magnetically q\iiet conditions are included. The oscillations referred to here 



as transverse vere selected under the criterion that the asrplitude of the oscillation 
transverse to the spin axis of the spacecraft vas at least thsree times as large 
as the asqplltude of the oscillation parallel to the spin axis of the spacecraft, 
under quiet, or non-storm, magnetic conditions the spin axis of the spacecraft is 
with 15^ of the earth's magnetic field. The selection criterion eliminates 
oscillations for which the coniponent of the magnetic field transverse to the 
eeurth's field is less than twice the parallel coiirponent. 

As with the previous report, fifteen second averages of the data were \ised. 

The details of the ATS-1 magnetometer experiment are given in Cummings and Coleman. 
(1968), The period range under investigation is 50 <T < 6OO sec, or a frequency 
range of 1.5 x 10"3 <f < 20 x 10"^ Hz. This period range falls within the 
PcU (U5-150 sec) and Pc5 (15O-60O sec.) micropulsation ranges (Jacobs et. al. , 

I96U). Approximately 85/S of the time that oscillations vere occurring at ATS-1, 
the oscillation period was In the PcU range. 

A total of 222 separate events were recorded during the two year Interval. 

Of these, 170 events could be classified as transverse. During a given event the 
period remains fairly constant, but the period of the oscillations varies from 
event to event . The average freqtiency was determined by averaging several measure- 
ments made over different intervals of the event. For each measurement the period 
vas determined by counting the number of crests or troughs in a given time span. 

An average frequency was then computed by averaging the inverted periods. Whenever 
possible, time spans of at least 10 minutes in length vere chosen. 

The longest duration recorded for an individual event was lU hrs and 26 min., 
and the shortest duration vbb axUy 10 min. The average duration was 2 hrs and 23 
min. 

Figure 1 shows the variation of the rate of occurrence of oscillatlona. 

The occxirrence rate was determined by summing the event durations for a given 



month and then dividing by the total ntmiber of hours for vhlch data was 
available for that month. This quotient was then multl|klled by 100 to give a 
percentage figure. The rate of occurrence varies from a high of 11.0^ in January* 
1968 to a low of 0.2% In July, 1968. In this figure the complete histogram gives 
the rate of occurrence for all oscillations, while the shaded histogram gives 
the rate of occxzrrence of transverse oscillations only. 

During both years of the data saxople, the rate of occurrence tended to be 
maximum during December, January, and February. The variation Is apparent 

not only in the rate of occurrence, but also in the nxmiber of ho\irs of observed 
oscillations, and in the number of events. 

A non-seasoned. annual variation in the period of both PcU ana Fc5 has been 
reported by Salto (1969), No such annual veurlatlon In the period of oscillations 
observed at ATS-1 was evident from the data. 

Local Time Distribution 

Figure 2 summarizes the distribution of the hours of observed low frequency 
oscillations as a function of local time. The ordinates in Figure 4 represent 
for each hour of local time the nuniber of hours in which oscillations were 
observed to occur. The complete histogram gives the distribution for all osclUa^ 
tlons, while the shaded histogram gives the distribution for transverse oBcillatlona 
only. Both show well-defined peaks between 1200 and 1500 L.T. The broad minimum 
in occurrence frequency extends from dusk through midnight to a few hours past 
dawn. 

Salto (1969) reports a broad day-time maximum in the diurnal variation of 
PcU amplitude, which is consistent with the diurnal variation in occurrence 
frequency reported here. However, Salto and others also report a double maxima 
in the di\imal variation of Pc5j one in the early morning and one in the evening, 
with the morning maximum s\iperior to the evening ( Salto , 196U and references 
contained therein). The diurnal variation of oscillations in the Pc5 range 

. -3- . - , 
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observed at AT8-1 is siadlar to that shown in Figure 3. It consists of a single 
broad maximum centered near noon. 

Frequency Distribution 

Figure 3 shows the distribution of the hours of observed low frequency 
oscillations as a function of average frequency. The ordinate of the histogram 
gives the number of hours of observed oscillations for each frequency interval. 

The complete histogram gives the distribution of all low frequency oscillations, 
whereas the shaded part gives the distribution of -Uiose oscillations that can be 
classified as transverse. The distribution shows a broad peak centered around 
f • 10 X 10"3 Hz, which corresx>ond8 to an oscillation with a period of T “ 100 
seconds . ■ 

Samson et. al. (1971) have recently published a study of the latitude depen- 

i 

dence of geomagnetic micropulsations. Their Figure 10 shows that oscillations 

O I ' ' *** 3 ' 

in the range 1.9 x 10~^ < f < 20 x 10 Hz are observed between the geomagnetic 
latitudes of 99^ and TT^N, with the average frequency decreasing with Increasing 
latitude. At 67 ^ geomagnetic north, which is the latitude at which field lines 
passing through ATS-1 intercept the eajrth's surface, the average frequency is 
« 10 X 10~3 Hz. The ATS-1 data are therefore quite consistent with these ground 
observations . 

Amplitudes 

During a given event the amplitude of the transverse oscllletlons usually varied 
gradually. In a typical event the amplitude would increase to a maximum during 
several oscillations, and then decrease in about the same time Interval. It 
was therefore not possible to assign a single amplitude to a given event. It 
was, however, possible to measure the maximum ampllttide for each event. The 
average maximum amplitude vu 2.8 y . 


-U- 



Sumnary and Conclttfllona 


The low frequency oscillations at ATS»1 are predominantly transverse. They 
tend to occur most frequently in the early afternoon hours. They also seem to 
occur more freqxiently during December « January, and Febroary than during other 
months. The frequency distribution of the oscillations has a broad peak centered 
near f « 10 x 10“^ Hz and extending from f ■ 5 x lO"^ Hz to f ■ 15 x 10 ^ Hz. 
During a given event* the frequency of the oscillation is fairly constant. The 
average duration of an event is 2 hours and 26 minutes, and the average maximum 
amplitude Is 2.8 y . 

The local time and frequency distributions of transverse oscillations are 
essentially the same as the distributions for all oscillations, whether transverse 
or not. Furthermore, neither the local time nor the frequency distributions 
suggest an obvious physical distinction between oscillations in the FeU and 
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Figtire 1 


Figure 2 


Figure 3 


The conqplete hlatogram gives, for each month of the data 
interval, the rate of occiirrence of low-frequency oscillations 
at ATS-1, The shaded part of the histogram gives the rate 
of occurrence of oscillations that are classified as transverse 
in this paper. 

The complete histogram gives, tor each hour of local time, the 
number of hoxirs of observed low-freq\»ncy oscillations at ATS-1. 
The shaded part of the histogram gives the number of hours of 
oscillations that are classified as transverse in this paper. 

The GCHnplete histogram gives for each 10"3 ga freqtuency interval, 
the number of hours of observed low-frequency oscillations at 
ATS-1. The shaded part of the histogram gives the number of 
hours of oscillations that are classified as transverse in this 
paper. 
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Abstract 


Spectral and Polarization Analysis of !iicropulsations Observed 
at ATS-1 . This paper reports the results of an analysis of low- 
frequency oscillations in the earth's magnetic field as observed at 
the synchronous orbit by the UCLA magnetometer experiment on board 
ATS-1. Oscillations in the range 2 x 10”3<f >^20 x 10"^ Hz for the 
one year period Dec. 1966 through Deo. 196? were studied. The 
analysis combines a detailed, computer processed, spectral analysis 
of selected events with a less detailed manual analysis of all 
events in the two year time interval. The computer analysis revealed 
that a given event is often characterized by a dominant, narrow, 
spectral peak whose associated oscillations are almost entirely 
limited to a plane, together with several minor peaks. Dynamic spec- 
tral analyses reveal that the minor spectral peaks appear as short 
isolated bursts. The' sense of rotation of the 'perturbation vector 
tends to change .from riprht-hpnded elliptical at the beginning of a • 
burst to left-handed elllpti.cal at the end. The major axis of the 
polarization ellipse Is inclined by typically 30° east of radial. 

In this paper we report on some characteristics of the magnetic oscilla- 
tions in the Pc^ range that occ\ir at the geosynchronous satellite ATS-1. The 
events chosen were those in 1966 and I 967 that had durations greater than six 
(6) hours. The principal conclusions at this point in the analysis are: 

( 1 ) The oscillations appear to occur in bursts of approximately one 


hour duration. 



(2) .There appears to be a trend in the sense of rotation of the per- 
turbation vector during a burst. The sense of rotation changes from 
right-handed elliptical at the beginning of the burst to left-handed 
elliptical at the end, 

(3) The azimuth of the major axis of the polarization ellipse is 
inclined by typically 30® east of radial. 

Slide 1. The first slide shows the result of an eigen-analysis of the real 
part of the spectral matrix for a typical quiet time event . The proce- 

' I 

dure of the analysis is equivalent to creating the varlamce ellipsoid 
of the pertiirbation at a given frequency interval and determining the 
length and orientation of its eigenvectors. The important point of the 
slide is the sharp peak in the power density at about 5 milli-hertz (or 
a period of about 200 seconds) with a rms power of 1 y. 

The bottom portion of the slide indicates that the average polari- 
zation was 60 % and almost completely linear. However, as we, shall show 
later, the ellipticlty varies systematically throughout each of the 
bursts making up an event. The variation is such that the sense of rota- 
tion is right handed as often as it is left handed. This accounts for 
the average polarization being linear. 

Slide 2. The next slide shows the dynamic power spectrum for oscillations in 
the plane transverse to the dipole axis. There were three bursts cen- 
tered at l8ll, 1931, and 2248 U.T. The first two bursts are of 171 
second period and the third burst is of 213 second period. The time 
derivative of the signal is plotted above the dynamic power spectrum. 

The contour map is a dynamic spectrm of the derivative of the trans- 
verse signal. 
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Slide 3. The next slide shov/s the log of the power, the ellipticity, and the 
azimuth of the major axis of the polarization ellipse for the componeiit 
of the signal at the frequency of peak power. The significant point of 
the slide i-3 that at at each point when the signal power was maximum the 
ellipticity changed from positive, or right handed, to negative or left 
handed. 

We have fouuid no such systematic variation of the orientation of the 
major axis of the polarization ellipse in the events analysed to date. 

Slide U, The next slide shows in more detail the change in the sense of rota- 
tion, of the perturbation vector at peak power. We have plotted the trans- 
verse components of the magnetic field during a typical short duration 
burst. On the same time scale we indicated the polarization ellipses as 
determined from an eigen value analysis of the transverse data. The 
ellipticlties before and after the peak power point are typically .3- 
The sense of rotation is right handed before the point of peak power and 
left handed afterwards. 

The major axis of the polarization ellipse is inclined to the radial 
by 30 -Uo® throughout the burst , 

Slide 5. To date we have yet to find a significant dependence of the orienta- 
tion of the major axis of the polarization ellipse on any of the usual 
magnetic indices. However, we have found that the major axis of the 
polarization ellipse is generally inclined east of radial. This slide 
shows the res^:lts of several determinations of the azimuth of the polari- 
zation ellipse for each of the long duration events of 1966 and 1967. 

The most frequently measured azimuth angles are in the range 20-it0° . 
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In summary we have found that the Pc4 events observed at ATS-1 occur 
in bursts of typically 1 hour duration^. The sense of rotation of the 
perturbation vector usually changes from right handed to left handed at 
the peak power point. And finally the major axis of the polarization 
ellipse is usually inclined by about 30® east of radial. 

I 

Acknowledgements 

The work done at Gramblii^g College was supported by The National 
Aeronautics and Space Administration grant N6R-19-011-007 . The work 
done at UCLA was supported by The National Aeronautics and Space Admini- 
stration grant HGL-O5-007-00U. 









AZIli/iU'lH liLLIH I ICI 1 V LUb Siol\!/-\L 




Pc 4-5 iV'iiCROPULSATIONS 
UCLA FLUXGATE MAGNETOMETER 

ATS-1 

JANUARY 5, 1967 

I 

f 1 1 ! 1 1 1 1 1 




Mo. of 
zsurements 



< Slide 5 



The Dominant Mode of Standing Alfvcn Waves at the Synchronous Orbit 


W. D. Cummings, Calvin Countee, Donald Lyons, and William Wiley III 

Departmeiti of Mtytks, Crambling Slate UaioenUy. CnmbUn$, Louisiana 71245 

Low-frc(|uency otcillationi of the carth'i magnetic held recorded by the Univertity of California at Los 
Angeles magnetometer on board ATS I have been examined for the t^month interval January-Junc l%8. 
Using evidence from Ogo 5 and ATS S as well as the data from ATS I, we argue that the dominant mode 
at ATS I must be the fundamental rather than the second harmonic of a standing Alfvcn wave. We also 
conclude that these transverK OKillations arc more accurately associated with magnetically disturbed 
days than with quiet days. Both of these results represent changes of tentative conclusions based on our 
initial analysis. From 14 instances when oscillations of distinctly different periods occurred during the 
same time interval at ATS I we also conclude that higher harmonics can exist. The period ratio in seven of 
the 14 cases corresponds to the simultaneous occurrence of the second harmonic with the fundamental, 
and four other cases could be identifled as the simultaneous occurrence of the fourth harmonic with the 
fundamental. 


Lanzeroiil and Fukunishi (1974) have recently given a review 
of experimental and theoretical work related to the modes of 
magnetospheric Alfv4n waves. The goal of their review was to 
raise the question of whether the dominant mode was odd or 
even. They conclude from their own conjugate data that near 
L ■ 4 the dominant mode is odd. 

Lanzerotti and Fukunishi correctly pointed out that in our 
initial paper [Cummings ei al., 1969] we assumed that the oscil- 
lations observed at ATS I were even mode. This assumption 
was made primarily because ATS I is located on the magnetic 
equator, and at least in our idealized model this position repre- 
sents a node for standing Alfv6n waves of odd mode. It should 
also be noted that our initial analysis was based on only 25 
events during January 1968 and that we only studied oscilla- 
tions in the period range 50-300 s. The latter limitation of the 
period range resulted from the fact that we analyzed 15-s 
averages of the data. Therefore our ability to observe oscilla- 
tions diminished with decreasing period and was certainly 
marginal near a period of 50 s. This limitation turned out to be 
critical, since it is now apparent from the present analysis that 
a dominant period at the synchronous orbit is in the range 
40-90 s. 

In a second analysis [Cummings el al., 1972] we analyzed 222 
events over a 25-month data interval. However, 15-s averages 
of the data were also used in this study, so the limitation at low 
periods still existed. 

The present analysis is based on 273 events that were 
recorded in the 6-month interval January-June 1968. The 
minimum period recorded was 20.7 s, and the maximum 
period was 410.8 s. An artificial OKillation at a period of 5.12 
s, the interval of one data sequence, sometimes contaminated 
the data. Therefore a practical lower limit to the periods that 
we could observe is approximately 20 s. even though we used 
0.32-s averages of the data in the analysis. 

ATS I was located at I50‘’W longitude, which is approx- 
imately the intersection of the geomagnetic and geographic 
equatorial planes. The magnetometer experiment on board 
ATS I has been described by Cummings el al. (1969] and Cum- 
mings and Coleman (1968). It should be mentioned that the 
plasma detector scheduled for ATS I failed prior to launch 
and the remaining particle detectors did not provide a com- 
plete spectrum of the ambient charged particle population. It 
has therefore been impossible to determine the ambient total 
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ion number density from ATS I particle data, in this study we 
have made use of Ogo 5 data and published ATS 5 data to help 
fill this unfortunate gap in the ATS I data. 

General Results 

Of the 273 events that occurred during the 6-month interval, 
25 were recognized as being similar to those described by 
Barfield el al. (1972). That is, they were compressional, were 
usually related to storms or substorms, and occurred in the 
dusk sector. We have excluded these events from this analysis. 

The distribution of periods for the remaining 248 events is 
shown as a histogram in Figure I. The most striking feature of 
the histogram is the peak in the range 40-90 s. The most fre- 
quently occurring period is in the range 60-70 s. We cannot 
rule out an additional peak at periods below 20 s. Oscillations 
with periods in this range are often unobservable in the ATS I 
data, as was explained above. 

The distribution of the 248 events in local time is shown in 
Figure 2. In the histogram of Figure 2 the ordinate represents 
the number of hours in which oscillations occurred in a given 
local time interval. The peak of the local time distribution is 
1-3 hours past noon, but the distribution is asymmetric, favor- 
ing the morning hours. 

The distribution is broadly similar to that observed at 6.25 
Rt with the Dodge experiment [Dwarkin et al., 1971] in that 
both distributions show that the great majority of oscillations 
occur in the day sector. The local time distribution in our sec- 
ond analysis [Cummings et al.. 1972, Figure 2] was similar in 
shape to the present distribution, the peak also being shifted 
slightly toward the afternoon sector. 

In our first analysis [Cummings el al., 1969] we reported th; t 
the oscillations were observed predominantly on ge< - 
magnetically quiet days. It is certainly true that many f 
the longer-period oscillations are found to occur during the 
quiet recovery phase of magnetic storms. However, it is clear 
from the present analysis that one should not associate the 
more typical oscillations observed at the synchronous orbit 
with prolonged periods when the magnetosphere is quiet. On 
the contrary, these oscillations seem to be more closely related 
to magnetic stt'rms or periods of magnetic activity. 

To illustrate the above point, we used the hourly values of 
equatorial Dst [Suglura and Poros, 1971] for January-June 
1968 to identify the hours when the Dsl value was at a local 
minimum. We required the local minimum to be greater in ab- 
solute value than 35 y, and 50 such instances were found. 
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ri|. I lli»u>griini nhowing the number of eventi recorded at ATS 
I with period! occurring in each 10>i interval from 20 to 250 1 . At wat 
etpluined in the text. oacilUtiont with periods below about 20 t are 
often obscured by an artilicial oKillation and arc therefore not in- 
cluded in this study. The data interval for Figures I, 2. and 3 it 
January-June 1968, and compretsional storm-related oscillations arc 
escluded 

Nest, we compared this set of times /mm with the onset times 
tonmi for the oscillations observed at ATS I, In particular, for a 
given fonMi looked for the nearest /mm and measured (/mm ~ 
/■■mm)' Figure 3 illustrates the result of the study with a 
histogram showing the number of events versus the time 
difference (/mm ~ lomn)- Half of all the events observed at ATS 
I occurred within I day of one of these local minima. 

Dominant Mode 

The most frequently obKrved period at ATS I is in the 
range 40-90 s, and the average period is r,** ~ 77.4 s. If an os- 
cillation with this average period corresponds to the second 
harmonic of a standing Alfvin wave, then according to Table 2 
of Cummings et al. [1969] the average equatorial number den- 
sity will be in the range 5.6 ^ n, ^ 13.3 cm*', depending 
upon how the plasma is distributed along the ATS I field 
line. In the model of Cummings et al. {1969] the background 
magnetic field was assumed to be that of a dipole, and the 
proton number density was assumed to vary as 

n ■ «»(r,/r)" m ■ 0, I, 2, 3, 4, 5, or 6 

v'bere is the geocentric distance to the equatorial crossing 
point of the ATS I field line and n, is the proton number den- 
sity at %. 

Since we know that the oscillations are associated with 
periods of magnetic disturbance, when ATS I is most likely in 
the trough region on the day side of the magnetosphere, these 
number densities are unacceptably high. Measurements of the 
particle density by detectors aboard ATS 3 [DeForesi and 
Mcllwain, 1971) indicate that the maximum expected density 
at synchronous orbit on the day side is n, « 2.2 cm*', the 
typical density being n% ^ I cm'*. 

If, on the other hand, an oscillation with the average period 
r.v* ■ 77.4 s is interpreted as the fundamental mode of a 
standing Alfv6n wave, the average equatorial number density 
will be in the range 1.4 ^ n, 2.2 cm '. These densities are 
much mure easily reconciled with the direct measurements 
made by ATS 5. 

We have already noted that the oscillations observed at ATS 
I seem to occur preferentially during disturbed times. 
Deforest and Mcllwain {1 97 1 1 also point out that intrusions of 
hot plasma at the synchronous orbit occur during magnetic 
substorms. The plasma that supports the oscillations must be 
composed primarily of the substorm-injected plasma rather 


than the cold plasma, whoM source is the ionosphere. Using 
Ogo 3 cold pl.-tsma data kindly supplied by C. R. Chappell, we 
have tried to compare a few individual cases when Ogo 5 was 
near ATS I and oscillations were recorded at ATS |. In each 
case we Unind that the .sdd tdasma density was below that te 
quited \w ev)Mam the iwctlUttotts itt tettttx id the IttHdemeHMl 
mi>dc of a standing All\en wave. 

The case of April 1 7, 1968, is typical of cases that we studied 
Ogo 3 was inbound on its seventeenth orbit and crossed 
L > 6.6 at approximately 1640 UT near 0900 LT. ATS I 
passed through 0900 LT a little more than 2 hours later, and 
oscillations with an average period of 33.7 s were recorded. 
The density of cold plasma measured by Ogo 3 was approx- 
imately n - 0.4 cm'*. If the oscillations observed at ATS I are 
to be interpreted as the fundamental mode of a standing 
Alfv6n wave, then the total equatorial proton number density 
will have to be n, « I cm'*. 

In the theoretical models of Southwood (1974) and Chen and 
Hasegawa [1974], surface waves excited by the solar wind at 
the magnetopauK couple to the shear Alfv6n waves of the 
resonant local field lines inside the magnetosphere. The wave 
amplitude is greatly enhanced at the resonance region, but it is 
theoretically possible to observe wave events of diminished 
amplitude away from the resonance field lines. It should be 
noted here that when the model of Cummings et al. [I%9] is 
used in this paper, it is assumed that the oscillations observed 
at ATS I are resonance oscillations of local field lines near L > 
6 . 6 . 

Higher Harmonics 

Cf the 248 events under investigation. 28 either overlapped 
another event or almost did so. That is. there were 14 cases 
when oscillations of different periods were occurring during 
the same time interval. These events are listed in Table I, 
which shows the beginning time and ending time for each 
event, the average period, and the ratio of the larger period to 
the smaller period. 

There are several interesting features in Table I. First, note 
that most of the overlapping events occurred near noon, 2200 
UT. (Recall that ATS I is located at approximately I30°W 
longitude. Thus the local time is 10 hours less than the univer- 
sal time.) The exceptions are sets 3, II, 12, and 14. Second, 
note that the period ratios cluster around two values, F, * 2.2 
and R, « 4.3, The exceptions are sets 8, 12. and 14. Third, note 
that for all the sets that have ratios clustering around R, the 
larger period is in the range 40-90 s, which we identify as the 
dominant mode from the hi'togram in Figure I. 



Fig. 2. Histogram showing the number of hours in which oscilla- 
tions were recorded at ATS I for each hour of local lime. 






Ki|. 3. Hittogram conitrucled as follows. The onset time /omm for 
each event was recorded and compared with the time of the nearest 
minimum in Dst. fan.. The amplitude of the excursion in Dit at the 
minimum point was required to be at least 33 The histogram shows 
the number of events recorded at ATS I for each 4>hour interval of 
(>M. - A negative value of (l*,„ - »«««) means that the onset 

of the event was prior to the nearest minimum in Dst. 

The above observations suggest that these overlapping 
events represent cases when the fundamental and a higher har- 
monic of the Alfvin standing waves were occurring 
simultaneously. It is possible to check this hypothesis by using 
the simple model of Alfv^n standing waves that we presented 
in our initial analysis [Cummings et al., 1969]. Theoretical 
ratios of the period of the fundamental and of higher har- 
monics can be computed by using Table I of that paper. These 


ratios, computed for the toroidal mode, are oiny 
dependent on the distribution of plasma along the held lines. 
The theoretical ratio of the period of the fundamental to the 
period of the second harmonic, Ti/Tt, has a range of 2.0-2.6. 
This range corresponds to a variation in the density index from 
« « 6 {Ti/Tt “ 2.0) to m - 0 (T’l/T’i - 2.6). Six of the seven 
overlapping sets that cluster around Rt fall within the above 
range. The seventh set (set 5) has a period ratio of 1 .9, which 
falls only slightly below the theoretical limit. 

The theoretical ratio of the period of the fundamental to the 
period of the third harmonic, Ti/Tt, has a range of 3.0-4.3. 
None of the 14 sets of overlapping events have period ratios 
that fall within this range. 

The theoretical ratio of the period of the fundamental to the 
period of the fourth harmonic, Ti/T^, has a range of 4.0-S.9. 
All four of the overlapping sets that cluster around R^ fall 
within this range. 

Two sets that do not have period ratios falling within any of 
the above ranges are sets 12 and 14. Both of these sets occurred 
in the dusk sector, where the description of the field as being 
dipolar is probably less valid than it is in the noon sector. 

Eleven of the 14 cases when oscillations at two different fre- 
quencies were occurring simultaneously at ATS I can be in- 
terpreted by our simple model as either the fundamental and 
the second harmonic (seven cases) or the fundamental and the 
fourth harmonic (four cases). As was noted above, for all 
seven cases that we interpret as the simultaneous occurrence of 
the fundamental and the second harmonic, the larger period is 
in the range 40-90 s. This is the dominant range of periods 
observed at ATS I; more than half of all events recorded have 
periods in this range. We thus have added evidence that the 
dominant mode observed at ATS I is the fundamental mode of 
a standing Alfv6n wave. 


TABLE I. Overlapping Events at ATS I 


Set 

Beginning 

Ending 

Average 
Period, s 

Ratio of 
Periods 

Date 

Hours. UT 

Dale 

Hours. UT 

1 

Jan. 2 

1906 

Jan. 2 

2256 

354.3 ±81.3 

4.4 


Jan. 1 

1820 

Jan. 2 

2343 

80.5 ± i: 5 


2 

Jan. 18 

2309 

Jan. 19 

0105 

63.9 ± 5.4 

2.3 


Jan. 19 

0059 

Jan. 19 

0112 

28.1 ± 1.9 


3 

Jan. 20 

0628 

Jan. 20 

1002 

88.4 ± 9.3 

2.0 


Jan. 20 

0813 

Jan. 20 

0823 

44.8 ±7.1 


4 

Jan. 21 

1742 

Jan. 22 

0024 

52.6 ± 5.9 

2.2 


Jan. 21 

1812 

Jan. 22 

0019 

24.4 ± 2.9 


5 

Jan. 22 

1522 

Jan. 22 

1806 

46.2 ± 7.4 

1.9 


Jan. 22 

1609 

Jan. 23 

OIOS 

24.4 ± 2.2 


6 

Jan. 23 

2159 

Jan. 24 

0112 

160.6 ± 19.3 

5.1 


Jan. 23 

1708 

Jan. 24 

0154 

31.4 ± 6.5 


7 

March 1 

2110 

March 2 

0010 

285.2 ± 45.2 

4.6 


March 1 

2022 

March 1 

2124 

61.8 ± 3.3 


K 

March 29 

1952 

March 29 

2255 

410.8 ± 19.3 

7.7 


March 29 

1820 

March 29 

2220 

53.4 ± 6.3 


9 

May 12 

2238 

May 12 

2310 

55.5 ±7.3 

2.1 


May 12 

1959 

May 13 

0015 

26.4 ± 4.8 


10 

May 13 

2 o;s 

May 14 

0110 

76.8 ±9.1 

2.5 


May 13 

1914 

May 13 

2.'’39 

30.2 ± 4.8 


II* 

May 16 

005: 

May 16 

0120 

59.7 ± 8.7 

2.2 


May 16 

0016 

May 16 

OC.^3 

26.6 ± 0.6 


12 

June 9 

0325 

June 9 

0459 

130.5 ±23.8 

1.6 


June 9 

0411 

June 9 

0433 

79.8 ± 6.2 


I3t 

June 1 1 

1710 

June 1 1 

2022 

290.0 ± 5.9 

4.5 


June 1 1 

2042 

June 1 1 

2323 

o4.0± 13.5 


14 

June 17 

0006 

June 17 

0228 

101.3 ±6.0 

1.2 


June 17 

0026 

June 17 

0135 

82.6 ± 2.3 



*These two events fail to overlap by 6 min. 
tThese two events fail to overlap by 20 min. 
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We also note here lYom the histogram of Figure 1 that much 
of the peak in the period range 20-30 s is attributable to the oc- 
currence of the second harmonic. In five of the seven cases of 
the simultaneous occurrence of the fundamental and the sec- 
ond harmonic the period of the higher harmonic was in this 
'•aiige, 

V v.v 

During the interval January-June the oscillalion.s 
observed til ATS I most frequently occurred with periods in 
the range 40-90 s. The great majority of the events recorded at 
ATS I occurred on the day side of the synchronous orbit. The 
onset of the o.scillations seems to be associated with a dis- 
turbed magnetosphere father than with a quiet one, as was 
previously supposed. The current best estimates of the total 
proton number density on the day side of the synchronous or- 
bit are consistent with the interpretation of the dominant 
mode of oscillations observed at ATS 1 as the fundamental 
mode of a standing Alfven wave. From the few cases when os- 
cillations of distinctly different periods occurred simul- 
taneously we conclude that the second and fourth harmonics 
can also occur. 
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Jr. I lie mithur.s altto VMsh to acknowledge helpful remarks by the 
rcl'oruc. this research was supported in part by the National 
Aeroniiulies and Space Administration under grant NGR-19-01 1-007. 

I he I'dilor tiutnks It. Fukunishi for his assistance in evaluating this 
paper. 


References 


Barfield, J. N.. R. L. MePherron, P, J. Coleman. Jr., and D, T. South- 
wood, Storm-associated Pc 5 micropulsation events observed at the 
synchronous equatorial orbit, J. Geophys, Res., 77, 143, 1972. 

Chen. L.. and A. Hasegawa, A theory of long-period magnetic pulsa- 
tions. I, Steady .state excitation of field line resonance, J. Geophys. 


Kes. 79. 1024, 1974. 

.amtUngs. W. L). and F- ' eoleman, Ji . Simulmncous magnetic 
•lutii w.-> ij ■■‘ttwh 

(leld vaniiiods tit thcel'rtli s nni'-i > and t.\ n li. : luts cqu.i.i;, , 
di.siunce, 4. Bay-as.sociaicd evcnt^, Httdii> Sd.. 3, 758. 1968. 


Cummings, W. D., R. J. O'Sullivan, and P. J. Coleman, Jr,, Standing 
Alfven waves in the magnetosphere, J. Geophys. Res., 74. 778, 1969. 

Cummings, W, D., F. Mason, and R. J. Coleman, Jr., Some 
characteristics of low-frequency oscillations observed at ATS 1, J. 
Geophys, Res., 77, 748, 1972. 

DeForesl, S. E., and C, E. Mcllwain, Plasma clouds in the 
magnetosphere, J. Geophys. Res,, 76, 3587, 1971, 

Dwarkin, M. L., A. J. Zmuda, and W. E. Radford, Hydromagnetic 
waves at 6.25 Re with periods between 3 and 240 s, J. Geophys. Res., 
76,3668,1971. 

Lanzerotti, L. J., and H. Fukunishi, Modes of magnetohydrodynamIc 
waves in the magnetosphere, Rev. Geophys. Space Phys., 12, 724, 


1974. 


Southwood, D. J., Some features of field line resonance.^ in the 
magnetosphere, Planet. Space Sd,, 22, 483, 1974. 

Sugiura, M ., and D. J. Poros, Hourly values of equatorial Dst for the 
years 1957 to 1970, Publ. 64S-7I-278, Goddard Space Flight Center, 
Greenbelt, Md., July 1971. 


(Received February 18, 1975; 
revised March 31, |975; 
accepted April 4, 1975.) 


REPRODUCIBILITY OF THE 

original page is 


1 


Catalog of Low-Frequency Oscillations 
of the 

Earth's Magnetic Field as Observed at ATS-1 
September, 1967 - August, 1968 

Explanation of the Catalog 

In this catalog an event is' defined as an oscillation of the 
magnetic field with a duration of at least ten minutes, and a fre- 
quency that remains roughly constant. Events are distinguished 
on the basis of the frequency of the oscillation, eig., when a 
high frequency oscillation is superimposed upon a lov;er frequency 
oscillation, tv70 events are identified. 

The oscillation of an event usually occur in bursts that are 
typically one hour in duration. In a burst, the amplitude of the 
oscillation begins at a lov; level, grows to a maximum, and then 
decreases to a lov7 level again.- Because the oscillation begins 
v/ith a low amplitude, it is often difficult to exactly specify the 
beginning time of the event. 

The beginning time is given in Universal Time. ATS-1 is sta- 
tioned in the geographic equatorial plane at a geocentric distance 
of 6.6 Rg and at 150®W longitude. One can easily arrive at the 
Local Time for the beginning time of the event by substracting 10 
hours from the Universal Time (or by adding 14 hours if the hour 
of the beginning time (U.T.) is less than 10). 


27 . 



28 


Gaps of as much as an hour may occur between bursts in a given 
event. However, we defined the duration of an event as the time 
interval between the beginning of the first burst and the end of 
the last burst. 

We have used microfilm copies of the data of 0.32 second 
averages to measure the time interval between successive peaks. 

We tried to make at least ten such measurements during an event to 
determine the average period . In a few cases , we were unable to 
make ten measurements, but in all cases we made at least five. 

The error figure associated with the average period is the standard 
deviation of the individual meeisurements of the period. This error 
figure is more a measure of the real variability of the time inter- 
val between successive peaks than it is of uncertainty in determin- 
ing that time interval . 

The average frequency was determined by inverting each indivi- 
dual measurement of the time interval between successive peaks and 
then averaging these individual measurements of the frequency. The 
error figure associated with the average frequency is the standard 
deviation of the individual measurements of the frequency . 



Low Frequency Oscillations in the Earth's Magnetic Field 

Observed at ATS-1 

September, 1967 


Event 

No. 

Beginning 

Day 

Time 

Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T (Sec.) 

Average, Frequency 
f (milli-Hz) 

01 

Sept. 01 

11 

10 

78 

89.1 + 10.3 

10.9+1.4 

02 

01 

18 

14 

275 

28.0+ 6.5 

37.4 + 7.8 

03 

08 

19 

45 

30 

27.4+ 4.6 

37.4 + 6.3 

04 

13 

21 

00 

no 

65.3 6.1 

15.4 +1.4 

05 

14 

18 

41 

76 

23.1 + 2.5 

43.8 + 4.5 

06 

17 

15 

54 

103 

33.0+ 3.1 

30.5 + 2.9 

07 

18 

17 

57 

161 

29.2 + 2.9 

34.5+3.3 

08 

20 

00 

55 

65 

62.0+ 8.7 

16.4+2.5 

09 

22 

19 

00 

298 

58.6 + 2.5 

17.1 + 0.8 

10 

22 

19 

04 

286 

55.8+ 5.2 

18.1 +1.7 

11 

. 25 

00 

09 

132 

120.9 + 2.0 

8.3 +0.1 

12 

25 

19 

08 

430 

127.9+16.4 

8. 0 + 1. 2 

13 

26 

21 

32 

356 

144.0 + 16.3 

7.0 + 0.8 

14 

28 

12 

35 

72 

80.3 + 10.0 

12.6 + 1.6 


Low Frequency Oscillations in the Earth's Magnetic Field 

Observed at ATS-1 

October, 1967 


Event Beginning Time (U.T.) Duration Average Period Average Frequency 
No. Day Hour Min. (Min.) T (Sec.) f (mllli-Hz) 




— DATA GAP 

10/0 

2/hr 8 

through 10/02/hr 10 — 


01* 

Oct. 02 

20 

14 

26 

335.3 + 29.3 

3.0 + 0.3 

02 

04 

11 

28 

499 

31.3+ 1.5 

32.0 +1.5 

03 

04 

22 

07 

36 

82.3 + 2.3 

12.2 + 0.3 

04 

06 

00 

09 

26 

79.5 + 3.3 

12.6 + 0.5 

05 

08 

15 

22 

30 

' 276.3 + 9.1 

3.6+0.12 

06 

08 

18 

14 

137 

32.7 + 7.5 

32.1 +7.4 

07 

09 

10 

27 

41 

85.9 + 13.2 

4.9 + 1.6 

08 

09 

11 

11 

498 

38.4 + 9.8 

27.4+5.9 

09 

09 

21 

15 

60 

129.3+12.9 

7.8 +0.7 

10 

10 

01 

53 

101 

194.7 + 64.7 

5,5 +1.4 

n 

10 

08 

17 

132 

67.4 + 9.4 

15.1 + 1,9 

12 

10 

15 

59 

321 

34.0 + 7.4 

30.7 +6.2 

13 

11 

01 

09 

150 

62.5 + 6.9 

, 16.2 +2.25 



nATA rAC in/i1 n 

thiroiinH ln/11/Hi^ Ifi 




— vrs r\ vjor 

ivy 1 1 

/ • • 

vMi uijyii 1 V/ 1 i / Ilf 11/ • •• 


14 

12 

00 

17 

41 

51.2+ 6.3 

19.8 + 2.6 

- 


DATA RAP in/l^/hr ft thv*niiah Ift/T^/hr 11 — - 




wIMr lU/ lO/lll O viirUUyil lU/ 1 Ilf 1 1 “ * 




nATA RAP 

in/llhr thrmiah lQ/14/hr ni . 





1 U/ fVllI CtO wliF vUyfl 1 W/ l•t/ llf VII 


15 

15 

00 

31 

40 

77.3+ 7.7 

13.1 + 1.4 

16 

15 

09 

12 

38 

89.8+ 3.4 

11.1 + 0.4 

17 

15 

18 

10 

570 

149.9+97.8 

7.9 + 2.4 



Event 

No. 

Beginning 

Day 

Time 

Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T (Sec.) 

Average Frequency 
f (mllll-Hz) 

18^ 

15 

19 

07 

509 

29.2 + 

5.9 

35.6 + 7.0 

19* 

16 

13 

53 

814 

38.8 + 

9.4 

27.1 + 5.9 



. DATA GAP 10/17/hr 11 through 10/17/hr 16 - 


20 

17 

17 

18 

208 

21.4 + 

2.0 

47.0 + 4.2 



• DATA GAP 10/20/hr 11 through 10/20/hr 16 - 


21® 

20 

17 

06 

180 

31.7 + 

5.5 

32.3 + 5.2 

22 





29.7 + 

5.14 

34.6 + 5,3 

23 

20 

21 

02 

293 

183.8 + 

8.4 

5.4 + 0.3 

24 

21 

14 

57 

340 

41.5 + 

6.5 

24.6 +3,8 

25® 





40.1 + 

5.1 

25.3 + 3.2 

26 

22 

20 

00 

30 

144.1 + 

8.7 

7.0 + 0.4 

27 

31 

21 

21 

92 

104.3 + 

4.5 

9.6 + 0.4 


^Measurements made on only. 


Lov; Frequency Oscillations In the Earth's Magnetic Field 


Observed at ATS-1 
November, 1967 


Event 

No. 

Beginning 

bay 

Time 

Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T (Sec.) 

Average Frequency 
f (milli-Hz) 

01 

Nov. 01 

18 

05 

39 

35.0 + 5.4 

29.2 + 4.9 

02 

01 

22 

52 

68 

124.9 + 4.2 

8.0 + 0.3 

03® 

02 

09 

09 

11 

50.0 + 5.9 

20.2 + 2.4 

04 

02 

21 

20 

399 

148.4+ 9.12 

6.8 + 0.42 



- DATA GAP 

11/03/18 to 

11/07/21 


05 

07 

22 

05 

no 

182.5 + 8.25 

5.5 + 0.25 

06® 

07 

22 

42 

62 

20.8 + 4.0 

49.5 + 8.6 

07“ 

08 

01 

27 

29 

48.3 + 3.2 

20.8 +1.4 

08 

09 

00 

17 

248 

142.0 + 19.3 

7.2 +1.0 

09 

11 

14 

52 

176 

24.6 + 3.5 

41.4 + 5.3 

10 

11 

17 

15 

104 

164.9 + 6.7 

6.1 + 0.3 

11 

11 

20 

20 

10 

24.0+ 4.7 

43.0 + 8.6 



- DATA GAP 

11/12/00 to 

11/14/00 — — — 


12 

14 

02 

21 

29 

131.8+35.2 

7.9 +1.7 

13 

15 

23 

31 

19 

69.1 + 8.7 

14.7+1.8 

14 

16 

18 

35 

120 

39.5 + 1.4 

25.4+0.9 

15 

17 

17 

40 

390 

87.6+6.5 

11.5 +0.9 

16 

17 

23 

03 

106 

37.9 + 6.2 

27.1+4.5 

17 

18 

23 

13 

46 

213.8+11.7 

4.7 +0.3 

18 

20 1 

23 

34 

48 

193,4 + 5.3 

5.2 +0.1 

19 

21 

18 

30 

45 

38.6+0.7 

25.9+0.4 

20 

21 

19 

34 

18 

229.8 + 27.2 

4.4 +0.6 

21 

22 

01 

06 

149 

129.1+11.0 

7.8 + 0.6 



Event 

Mo. 

Beginning 

Day 

Time 

Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T (Sec.) 

Average Frequency 
f (mlin-Hz) 

22 

22 

19 

30 

346 

82.4 + 6.0 

12.2 + 0.9 

23 

23 

20 

17 

19 

26.8 + 1.3 

37.4 +1.8 

24 

24 

01 

26 

30 

95.3+12.6 

10.7 + 1.5 

25 

29 

00 

02 

127 

147.0 + 22.6 

6.9 + 1.0 

26® 

29 

00 

02 

20 

92.4 + 7.2 

10.9 + 0.9 

27 

29 

08 

14 

23 

61.1 + 9.7 

16.7 + 2.5 

28 

29 

11 

03 

42 

82.8 + 7.9 

12.2 +1.2 

29 

29 

21 

25 

135 

68.6 + 8.1 

14.8 + 2.0 

30 

30 

03 

35 

388 

67.9 + 7.1 

14,9 + 1.6 

31 

30 

17 

19 

10 

27.3 + 2.2 

36.8 + 2.9 


^Measurements made on only. 



Low Frequency Oscillations in the Earth's Magnetic Field 

Observed at ATS-1 

December, 1967 


Event 

No. 

Beginning 

Day 

Time 

Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T (Sec.) 

Average Frequency 
f (mi1l1-Hz) 

01 

Dec. 01 

00 

01 

147 

92.3 + 

3.3 

10.9 + 0.4 

02 

01 

12 

19 

31 

76.2 + 

13. 3 

13.5 ± 2.4 

03 

01 

18 

01 

56 

39.8 + 

10.9 

26.8 + 7.0 

04 

02 

00 

20 

70 

186.7 + 

17.3 

5.4 + 0.5 

05 

02 

03 

45 

34 

47.7 + 

4,8 

21.2+2,2 

06 

02 

12 

11 

18 

75.6 + 

9.1 

13.4 +1.7 

07 

02 

19 

31 

59 

53.0 + 

5.4 

19.0 +2.1 

08 

02 

22 

58 

232 

77.4 + 

9.9 

13.1 +1.7 

09 

03 

04 

02 

17 

39.7 + 

0.9 

25.2 + 0.6 

10 

04 

03 

58 

23 

77.9 + 

8.7 

13.0 +1.4 

11 

04 

20 

25 

370 

60.9 + 

7.6 

16.7 + 2.2 

12 

07 

16 

28 

801 

23.9 + 

4.3 

43.4 + 8.6 

13 

08 

04 

39 

184 

44.9 + 

9.7 

23.1 + 4.7 

14 

08 

15 

01 

159 

41.0 + 

6.1 

25.0+4.4 

15 

08 

16 

10 

90 

20.9 + 

1.7 

48.2+3.8 

16 

06 

19 

55 

106 

23.4 + 

5.9 

45.6+12.0 

17 

10 

00 

33 

189 

32.9 + 

5.5 

31.1 + 5.0 

18 

10 

17 

24 

147 

26.1 + 

4.0 

39.1 + 5.6 

19 

12 

19 

48 

106 

51.8 + 

5.8 

19.6+2.3 

20 

13 

19 

40 

112 

49.4 + 

10.4 

21.0 + 3.9 



Event 

No. 

Beginning 

Day 

Time 

Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T (Sec.) 

Average frequency 
f (milli-Hz) 

21 

Dec. 15 

11 

25 

123 

64.3 + 7.5 

15.8 + 2.2 

22 

16 

03 

00 

40 

175.1 + 17.4 

5.8 + 0.7 

23 

16 

10 

51 

128 

141.8 + 18.0 

7.2 + 0.8 

24 

16 

21 

30 

128 

52.9 +7.2 

19.2 + 2.4 

25 

17 

03 

n 

26 

45.7 + 3.0 

22.0 + 1.4 

2^ 

17 

20 

17 

248 

66.4 + 6.3 

15.2+1.3 

27 

18 

02 

01 

54 

68.2 + is 

14.7 +0,8 

28 

18 

09 

17 

162 

96.1 +11,4 

10.6+1.3 

29 

19 

16 

22 

243 

27.6+ 6.1 

37.7 + 7.2 

30 

21 

11 

27 

335 

68.7 + TO.O 

14.8 + 2.0 

31 

21 

19 

33 

305 

74.6 + 7.8 

13.6 +1.5 

32 

23 

07 , 

44 

25 

56.3 + 8.8 

18.1 +/.7 

33 

24 

16 

00 

360 

110.8 + 15.3 

9.2 +1.2 

34 

25 

15 

48 

18 

42.7+2.4 

23.5+ -1.3 

35 

25 

17 

40 

420 

153.0 + 5.9 

6.5 + 0.3 

36 

31 

02 

37 

29 

34.6 + 5.8 

29.6 +4.8 


1 - 


Low Frequency 0scil3.ations in the Earth Magnetic Field 

Observed at ATS-l 
January, 1968 

Event Beginning Time (U*T,) Duration Average Period Average Frequency 

No. Day Hour Min. (Min.) T (Sec. ) f (milli-Hz) 


01 

Jan 01 

00 

57 

126 

100,0 ± 

12,0 

10.1 ± 1.3 

02 

01 

20 

00 

113 

59.5 + 

9.8 

17,2 + 2,8 

03 

02 

00 

30 

136 ■ 

72.6 t 

5.2 

13,8 t 1.1 

04 

02 

03 

34 

60 

■ 56.8 

9.3 

18.1 + 3.1 

05® 

02 

04 

45 

99 

44.0 + 

5.1 

23.0 + 2,7 

06 

02 

12 

19 

86 

66,2 + 

8.1 

15,3 + 1,7 

07 

02 

15 

49 

51 

83,3 + 

6,5 

12,1 1,0 

08 

02 

18 

20 

323 

80,5 ^ 

12.5 

: 12,7 t 2.0 

09 

02 

19 

06 

230 

1 

354,3 + 

81.3 

2.9 + 0,6 

10 

03 

02 

35 

70 

97.2 + 

11,9 

10.4 t 1,4 

11 

03 

19 

20 

335 

65,8 + 

7.0 

15.4 + 1.7 

12 

04 

02 

09 

139 

88,3 + 

8.2 

11.4 + 1.1 

13 

04 V 

09 

19 

44 

117,8 + 

8.4 

8,5 + 0,6 

14 

04 

19 

52 

38 

77.5 + 

7.6 

13.0 -h 1,3 

15 

04 

21 

45 

292 

133,0 + 

16,2 

7,6 + 0,9 

16 

05 

07 

30 

25 

46.7 + 

3.2 

21,5 +1.3 

17 

I 05 

10 

52 

17 

78,9 t 

3,9 

12,7+0,6 

18 

06 

02 

19 

99 

83,6 + 

20,4 

12,6 3,0 

19 

06 

07 

30 

85 

o 

O 
1 + 

11,2 

9.7 + 1.1 

20 

06 

16 

29 

206 

28, 8 t 

3.0 

35,2 ^ 4,1 

21 

06 

21 

22 

12 

68.3 ^ 

12.4 

15,0 + 2,5 


Event 

No« 

.Begimiing 

Day 

Time 

Hour 

<0.1. ) 
Min , 

Duration 

(Min) 

Average. Period 
T (Sec) 

Average Frequency 
f (milli-Hz) 


22 

06 

22 

57 

62 

32,2 + 

2,1 

31,2 

+ 1.9 

23 

07 

01 

40 

39 

32.0 t 

3.7 

31*6 

+ 3,9 

24 

07 

18 

28 

167 

• 27.1 + 

1.6 

37,5 

+ 2.2 

25 

08 

18 

48 

250 

56.9 t 

6.3 

17,8 

+ 2.3 

26 

09 

20 

54 

136 

158.4 t 

15.2 

6,4 

+ 0,7 

27 

10 

20 

40 

10 

31.9 + 

2.6 

31.5 

t 

28 

10 . 

23 

36 

14 

32,1 t 

3.8 

31.5 

1 

29 

12 

22 

52 

53 

22,9 + 

4.5 

26,7 

+ 3.4 

30® 

13 

05 

42 

15 

55,4 + 

11,2 

18,6 

+ 3.7 

31 

13 

17 

47 

119 

29,3 t 

3.1 

34.2 

+ 2,5 

32 

14 

23 

02 

93 

69.5 + 

10.2 

14.7 

+ 2.7 

33 

15 

01 

30 

37 

121. 8 + 

17.3 

8.4 

+ 1*2 

34 

15 

08 

31 

37 . 

49,4 + 

2.4 

20,3 

+ 1.0 

35 

16 

00 

35 ■ 

151 

142,8 + 

13.4 

7.1 

+ 0,6 

36 

16 

20 

50 

61 

20.7 + 

3.8 

49.8 

+ 8,6 

37 

16 

22 

36 

383 

75.9 + 

13.4 

13.6 

+ 2.9 

38 

17 

12 

27 

68 

67.0 + 

4.0 

15,0 

+ 1.1 

39 

17 

14 

56 

242 

28.6 ^ 

6.0 

36.3 

+ 6,9 

40 

17 

20 

15 

289 

24.0 + 

6.0 

i 

1 44.1 

+ 10.3 

41 

18 

02 

50 

90 

112.3 + 

18,3 

9.1 

^ 1.4 

42 

18 

05 

25 

87 

49,1 t 

6,6 

20,7 

+ 2.7 

»f3 

18 

23 

09 

116 

63.9 + 

5.4 

15,8 

+ 1.3 

44 

19 

00 1 

: 59 

13 

28.1 + 

1,9 

35.8 

+ 2.3 

45 

19 

11 

05 

90 

46,8 + 

1.8 

21.4 

+ 0,8 

46 

19 

16 

16 

564 

25. B + 

2.9 

39,2 

+ 3.9 



Event 

No. 

Beginning- 

Bay 

Time 

Hour 

(II.T.) 

Kin. 

Duration 
(Min. ) 

Average Period 
T (Sec) 

Average Frequency 
f (milli-Hz) 


20 

06 

28 

214 

88.4+ 9.3 

11.4 + 1.3 


20 

08 

15 

18 

44.8 + 7.1 

22.9 1 4.3 

^9 

20 

16 

28 

228 

26,1 + 2.4 

38,7 + 3«7 

50 

21 

00 

06 

76 

27.0 + 3.9 

38.0 i-. 7.0 

51 

21 

04 

15 

171 

38.3 + 14.3 . 

18.3 + 5.4 

52 

21 

17 

42 

402 

. 52.6 + 5o9 

19.3 + 2.4 

55 

21 

18 

12 

367 

24.4+ 2.9 

41.6 + 5.4 

54 

22 

16 

09 

536- 

24.4+ 2.2 

41.3 + 3.8 

55 

22 

15 

22 

164 

46.2 + 7» 4 

22.2 + 3.6 

56 

25 

17 

08 

526 

31.4+ 6,5 

33.1 + 6.3 

57 

23 

21 

59 

193 

160.6 + 19.3 

6,5 0.8 


27 

03 

55 

175 

195.4 +63.3 

5.6 + 1.8 

59 

27 

08 

10 

72 

41.3 + 8.2 

25.0 + 5.5 

60® 

28 

02 

02 

28 

41.9 + 10.9 • 

25.4 + 7.2 

61 

28 

20 

42 

17 

69.4 + 5.4 

14,5 +1.2 

62^ 

29 

00 

38 

24 

66.4+16.0 

15.8 + 3.4 

65 

29 

02 

40 

124 

117.0 + 81.0 

12.6 + 7.8 

64 

29 

23 

45 

185 

82.3 i 17.0 

12.6 + 2.5 

65 

30 

04 

46 

14 

174.3 + 2,2 

3.7 + 0.1 

66 

30 

11 

•02 

82 

80.7 +. 6.6 

12.5 + 1.1 

67 

30 

20 

02 

378 

69.8 + 15.8 

15.0 + 3.1 


^Measurements made on B only. 

z 

High resolution data not available from January 21,' Hr. 00 to January 27, Hr. 05. 



Low Frequency Oscillations in the Earth’s Magnetic Field 

Observed at ATS*-1 
February, 1968 

Event Beginning Tinie(U„T. ) Duration Average Period Average Frequency 
Noe Day Hour Min, (Min.) T(Sec.) f(milli-Hz) 


01 

Feb. 01 

19 

13 

62 

68.8 


3,1 

14,6 

+ 0^7 

02 

04 

18 

33 

343 

71.5 

+ 

10.1 

14.3 

i 2.3 

03 

06 

00 

04 

78 

107.3 

i 

4.6 

9.3 

1 

04 

07 

17 

30 

602 

98.0 

+ 

4.2 

10,2 

+ 0.4 

05 

10 

01 

16 

24 

119.8 

+ 

25.1 

8.6 

t 1,7 

06 

11 

20 

19 

93 

80,4 

+ 

10.3 

12.6 

+ 1.6 

07 

13 

05 

21 

235 

55.8 

i' 

5.2 

18.0 

+ 1.6 

08 

13 

12 

19 

791 

75.0 

+ 

11.8 

13.8 

1 2,9 

09 

14 

17 

32 

548 

91.8 


13,8 

11.2 

1.9 

10 

15 

06 

39 

66 

89.8 

+ 

15.5 

11.7 

+ 3,1 

11 

15 

19 

39 

312 

44,2 


8.8 

23.4 

^ 4.2 

12 

17 

04 

26 

62 

129.4 


23,0 

7.9 

i 1.3 

13 

17 

07 

58 

46 

44o0 

+ 

2.8 

22.8 

1 

14 

17 

10 

48 

272 

78.5 


14,0 

13.1 

i 

15 

17 

22 

06 

158 

126^8 

+ 

21.9 

8.1 

1 

16 

18 

06 

48 

219 

81,3 


12,9 

12,7 

+ 2.7 

17 

19 

00 

30 

53 

64.5 

+ 

4.6 

15.6 

+ 1.1 

18 

19 

06 

20 

123 

54.4 

+ 

8.2 

18,8 

+ 3.1 

19 

19 

20 

53 

247 

52,3 

+ 

4.6 

19.2 

+ 1.6 



Event 

No, 


Beginning Time(U, Duration Average Period Average Frecjuency 

Day Hour Min. (Min.) T(Sec.) f(milli-llz) 


20 

Feb, 20 

10 

50 

25 

95.2 t 6,4 

10.5 + 0.7 

21 

20 

17 

40 

150 

33,9 t ‘ 5.1 

28,3 ^ 3,9 

22 

20 

122 

25 

145 

25,0 t 4,7 

41.0 + 6.1 

23 

22 

01 

37 

71 

59.3+11,2 

17.4 + 3.4 

24 

23 

17 

06 

211 

77.1 + 9.0 

33.2 + 2.0 

25 

23 

21 

.30 

160 

105.4 + 1,8 

9.5 + 0.2 

26 

25 

19 

22 

82 

147.4+ 7.2 

6.8 + 0.4 

27 

26 

17 

34 

•780 

. 134,8 + 14.8 

7.5 + 0.9 

28 

28 

01 

45 

495 

117,8 + 18.2 

8.7 + 1.3 

29 

28 

10 

40 

50 

110.8 + 18,5 

9.3 + 1.6 

30 

28 

20 

08 

25 

f 

142,3+ 5.6 

7,0 + 0.3 

31 

28 

22 

44 

211 

233.4 + 41.3 

4.4 + 0.8 






Low Frequency Oscillations in the Eai>th’s Magnetic 

Observed at ATS-l 
March, 1968 

Event Beginning Time (U.T.) Duration Average Period 


No. 

Day 

Hour 

Min, 

(Min.) 

T(Sec 

.) 

1 

Feb 29 

20 

57 

■ 290 

78.9 ± 

7.6 

2 

Mar 01 

20 

22 

$2 

61.8 ± 

3.3 

3 

01 

21 

10 

180 

. 285,2 ± 

45.2 

4 

02 

00 

54 

l4l 

45,6 ,± 

i 

5.6 

5 

02 

21 

50 

260 

56.6 ± 

4.2' 

6 

03 

■ 03 

07 

63 

80.9 ± 

20.6 

7a 

03 

07 

33 

101 

64.9 ± 

10.2 

8 

03 

23 

3^2 

98 

66,0 ± 

7.0 

9 

04 

01 

33 

51 ■ 

111.9 ± 

19.4 

10 

04 

06 

58 

19 

45.7 ± 

3.5 

li 

04 

13 

47 

53 

! 

62.0 ± 

7.9 

12 

04 

23 

04 

26 

50.9 ± 

8.2 

,13 

05 

00 

02 

104 

88.7 ± 

22.8 

14 

05 

03 

58 

74 

; • 37.1 ± 

j ; 

5.0 . 

15^ 

05 

06 

02 

13 

57.1 ± 

4,6 

lO 

05 

07 

51 

11 

53.2 ± 

6.3 

1 

17 

05 

19 

30 

375 

64.6 ± 

11.4 

18 

06 

20 

00 

116 

48.4 ± 

9.4 

19 

07 

22 

37 

203 

88.3 ± 

8.1 

20 

06 

03 

55 

37 

147.3 ± 

14,3 


Field 

Average Fi-'aquency 
f(milli~Hz) 

12.8 ± 1.2 

16,2 ± 0.‘8 
3.6 ± 0,5 
22.2 + 2.8 

17.8 ±1.3 

13.0 ± 3.3 

18.8 + 3.2 

15.3 t 1.6 
9.2 ± 1.5 

22.0 ± 1.9 

16.4 ± 2.2 

20.1 ± 3.2 

12.0 ± -3.1 

27.6 ± 4,6 

17.6 ± U4 

18.0 ±2.0 

15.9 ± 2.5 

21.3 ± 3,9 

11.4 ± 1.1 

6,8 ± 0,6 



Event 

Ko. 

Beginning Tine 
Day Hour 

(D.T, ) 
Min . 

Duration 
(Min, ) 

Average Period 
T(Sec.) 

Average Frequency 
f(milli“Ha) 


21 

08 

18 

55 

205 

96,1 

±: 

ii;9 

10.6 

+ 

1.4 

22 

09 

01 

10 

120 

105,7 

± 

15.8 

9.7 

+ 

1.4 

23 

10 

00 

20 

145 

164,5 

t 

12.7 

6.1 

+ 

0,5 

24 

t 

10 

04 

58 

i 52 ^ 

81.8 

± 

10,3 

12.4 

+ 

1,5 

25 

10 

06 

52 

120 

1 

52.0 

± 

3.0 

19.3 

+ 

1.0 

26 

10 I 

13 

35 

17 

80,6 


11,3 

11. 3 

+ 

1.4 

27 

11 

03 

22 

15 

72.2 

+ 

8.8 

; 14.0 

+ 

1.6 

28 

15^ 

17 

37 

175 

25.7 

± 

2.5 

1 39,3 

+ 

3,5 

29 

16 

01 

28 

35i-' 

144,3 

1 

+ 

10.3 

j 

i 7,0 

i . 

± 

0,5 

30® 

16 

03 

40 

65 

68.2 

± 

8.2 

14,8 

+ 

1.8 

31 

16 

09 

10 


42.7 

± 

6.4 

21.6 

+ 

3,4 

32[ j . 

16 

20 

6 

32 

26,7 

± 

2.6 

37.8 


4.0 

33 

17 

00 

9 

51 

05.3 

± 

3.6 

28,7 

+ 

3.4 

34 

22 

19 

40 

17 

Si7,4 

± 

4.5 

17.5 

+ 

1.4 

35 

24 

00 

55 

30 

141.1 

± 

26,9 

7.3 

+ 

1.2 

36® 

24 

04 

■ 57 

93 

103.2 


13.7 

9.8 

+ 

1.5 

37 

25 

03 

47 

25 

08,2 

± 

3.4 

26,3 

+ 

2.4 

36 

25 

22 

35 

75 

j 54.4 

+ 

6.5 

18.6 

+ 

2.3 

39 

27 

11 

30 

40 

! 60,6 

+ 

4.1 

16.5 

± 

1.1 

40 

27 

23 

10 

05 

67,5 

+ 

4.9 

14.9 

+ 

1.1 

4a 

I 29 

00 

25 

1 

106 

■•"i ' 1 

126.6 

+ 

7.9 

7.9 

+ 

0.5 

42 

i : 29 : 

18 

20 

240 

1 

53.4 


6.3 

19.0 

+ 

2.3 

43 

29 

19 

52 

123 

410.8 

+ 

19.3 

2.4 

± 

0,3 

44® 

30 

01 

19 

11 

87,0 

t 

12.2 

11.7 

± 

1.5 


Event 

No, 

Beginning Time 
Day Hour 

(U.T.) 

Min. 

Duration 
(Min, ) 

Average Period 
T(Sec.) 

Average Frequency 
f(milli“Hz) 


45 

30 

07 

55 

227 

61.4 ±. . 7.9 

16.5 ± 1.9 

46 

30 

20 

48 

17 

69,9 ± 10,2 

14.6 ± 2.0 

47*^ 

30 

23 

30 

BO 

312.7 ± 36,6 

3.2 ± 0.4 

48 

31 

01 

45 

40 

83.9 ± 12.1 

12.lt 1.7 

49 

31 

15 

58 

27 

25,2 ± 1.6 ' 

39.8 ± 2.5 


®Measui?einents made on Bg only, 

^Beginning time and duration are uncertain because a: gap in the data preceded the 
event , 

The following gaps in the ATS-1 data are noted; 

(1) From March 11, Hr. 08, Min, 0 to March 15, Hr. 13, Min, 0 

(2) From March 18, Hr. 08,. Min, 0 to March 22, Hr, 13, Min. 0 

(3) From March 25, Hr, 15, Min. 12 to March 25, Hr, 15, Min, 33 

(4) Prom March 30, Hr, 22, Min, 0 to March 30, Hr, 23, Min 29 


1 


Ijpw Frequency Oscdl3.ations in the Earth’s f^^gnetic Field 

Observed at ATS-1 
April, 1968 

Event Beginning Time (U,T,) Duration Average Period Average Freo^uency 


No. 

Pay 

Hour 

Min* 

( Min . ) 

T(Sec 

.) 

f(milli-Hz) 


PI 

to. 01 

21 

48 

. 15 

50*7 + 

8.5 

20,3 + 3,6 

0? 

02 

00 

59 

147 

105*-4 + 

13.1 

9.6 + 1,2 

03 

03 

18 

54 

78 

55.3 + 

5.0 

l0.2 + 1.7 . 

04 

04 

04 

15 

46 

80.3 + 

6.7 

12.5 + 1.1 

05 

05 

00 

06 

103 

129.3 + 

11.7 

7.8 + 0.7 

06 

06 

03 

02 

100 

95.9 + 

28.5 . 

11.3 + 3.4 

07 

06 

iP 

12 

278 

31.9 + 

6.3 

32.6 + 6.7 

08 

06 

22 

22 

98 

78.5 + 

3.6 

12.8+0.6 

09 

09 

20 

19 

401 

141.3 + 

17.1 

7.2 + 0.9 

10 

IQ 

21 

17 

173 

79.5 + 

6.7 

12.7 +1.1 

11 

li 

01 

56 

126, 

105.3 + 

9.9 

9.6 + 1.0 

12^ 

11 

16 

02 

13 

. 125.4 + 

8.3 

I 8,0 + 0, 5 

13 

13 

06 

55 

125 

54.5 + 

6.1 

18.6 + 2.2 

l4 

13 

21 

56 

34 

45,5 + 

7.2 

22.5 ^ 3.6 

l6 

13 

23 

30 

128 

61,0 + 

13.2 

! 17.2+4.2 

IP 

14i 

05 

, 56 

34 

38.7 + 

4.8 ' 

26,2 +3,7 

17 

15 

01 

10 

310 

59.5 + 

6.7 

17.0 + 1.9 

18 

15 

19 

39 

102 

27.1 t 

3.5 

37.5 + 5.0 

19 

17 

00 

22 

48 

29.4 + 

8.4 

36.1 + 8.7 


3 


Event Beginning Time (U,T,) Duration Average Period Average Frequency 
No,. Day Hour Min. (Min.) T(Sec, ) f(Milli-Hz) 


20 

17 

02 

02 

108 

81.0 + 

5.4 

12.4 +0.9 

21 . 

17 

18 

12 

98 

55,7 t 

CO 

* 

CO 

18.0 + 1.4 

22 

23 

00 

46 

29 

96.5 + 

14.7 

10.6 + 1.5 

23 

23 

04 

07 

18 

149.0 + 

7.8 

6.7 i_0.4 

24 

24 

08 

02 

57 . 

49.7 + 

5.5 

20.3 + 2.4 

25 

25 

18 

10 

46 

77.2 + 

2.5 

13.0 + 0.4 

a 



• 





26 

26 

03 

,12 

53 

212.7 + 

30.4 

4.8 + 0,7 








1 

27 

26 

10 

54 

18 

69.2 -l_ 

4.9 

14.5 +1.1 

28 

27 

19 

34 

56 

22.7 + 

2.1 

44.5 + 4.4 

29 

28 

00 

54 

120 

47.9 + 

7.6 

! 2l;4 + 3.4 

30 

29 

12 

21 

11 

102.4 + 

4.7 

9.8 +0.5 

31 

30 

02 

08 

21 

54.7 + 

3.4 

18.3 + 1.2 

32 

30 

20 

22 

83 

54.7 + 

9.3 

18.7 + 2.8 


a 

Measurements made on B^.only. 


Low Frequency Oscillations in the Earth's Magnetic Field 

Observed at ATS-l 
May, 1968 


Event 

No. 

Beginning 

Time 

Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T. (Sec.) 

Average Frequency 
F (Hilli-Hz) 


D1 

Hay 01 

i 

22 

09 

19;9 

85,8+19.4. 

12.3 + 3.1 

02 

02 

' 04 

09 

■^5 

40.0 + 17.1 

23.2 + 7.6 

03 a 

02 

94 

45 

65 

198.8 + 41.4 

5.2 + 1.2 

04 

02 

23 

32 

. 577 • 

50.4 + 10.8 

2(^.8 +5.1 

05 

04 

00 

38 

P 

28,8 + . 3.1 

3^1 + 4.2 

06 

06 

21 

511 

46 

34.0 + 4,7 

29.9+3.8 

07 

07 

01 

06 

144 

81,4 + 5.8 

12.3+0.9 

08 

09 

08 

12 

16 

48.7 + 3.6 

20,6^1.6 

09 

09 

14 

20 

12 

72,0 + 7.9 

14,0 + 1.6 

10 

09 

19 

33 

387 

: 

71.7+13.2 

14.5 + 3.2 

1^ 

10 

04 

10 

! 50 

158,0 + 19.8 

6,4 j+ 0.8 

12 

10 

23 

47 

23 

60 , 4 + 6.0 

16.7 + 1.8 

13® 

11 

0 

2 

22 

|. '32 , 

133.2 33.5 

7.9 +1.7 

14i® 

11 

0 

5 

26 

i'-' 29 

225,2 ^ 30.2 

4.5+ .7 

15 

11 

K 

. 

0 

27 

188 

109.5+17.3 

9.4 +1.8 

16 

11 

1 

5 

05 

334 

32.2+ 9.9 

, 

33,0 +_ 9.9 

H 

fit 

12 

0( 

) 

39 

31 

126.0+21.9 

ell + 1,4 

18® 

12 

03 

20 

23 

126.7 + 11.6 

i 

7*9 ^ 0.7 

19 

12 

15 

32 

156 

28,7 +6.3 

36,3 + 7.4 


Event 

Beginning 

Time (U.T. ) 

Duration 

Avarag' r-riod 

Average Frequency 

No. 

Day 

Hour Min, 

(Miri.) 

T. (Sec.) 

P. (Milli-Hs;) 


20 • 

1 '■ 12 

i9 

59 

256 

26.4 ^ 4.8 

33- 

3 + 8.4 

21 

12 

22 

38 

32 

55.5 + 7.3 

18. 

3 + 2.5 

i * 22 

13 

081 

45 

15 

52.1 +^8,4 

19. 

6 + 3.2 


13 

16 

02 

94 

27.5 + 3.6 

37. 

0 + 5,1 

1 H ^ 

i 13 

( 

19 

14 

205 

30.2 + 4.8 

33. 

7 + 4.4 

25 : 

i i 

13 

20 

26 

282 

76,8 + 9,1 

13. 

2^1,5 

26 

14 

21 

33 ' 

13 

54.0 ^ 1.8 

18. 

5 +_ 0,6 

27 

16 

00- 

16 

37 

26.6 + .6 

37, 

7 + .9 

1 ■ 28 

16 

00 

59 

21 

59.7 + 8.7 

17, 

0 + 2.4 

29 

16 

04 

07 

10 

i 60.6 ^ 6.2 

16, 

7 + 1.8 

30 

16 

i : 

23 

08 

157 

' 73.6 +_ 7.8 

13.7 + 1.5 

! 31 

1 

17 

08 

05 

124 

28.5 + 5.1 

36.6 + 6.9 

32 

17 

21 

50 

103 

i 64.9 6,8 

15 

,6 + 1.7 

[: ■ 33 

18 

01 

20 

55 

123.4 il6.9 

8 

.3 + 1.3 

34 

20 

13 

01 

28 

78.7 i 2.2 

12.7 + 0.4 

35 

21 

00 

39 

31 

40.4 +8.3 

25 

,6 + 5,3 

36^ 

21; 

02 

20 

30 

1 130.9 +24.7 

7 

.9 + 2.0 

37 

21 

03 

53 

i 201 

I 73.1 jjLO.4 

14 

,0 + 2.3 

38 

21 

10 

52 

i 12 

1 47.0 + 4 . 1 ; 

21 

.4 + 1.8 

39 

1 

22 

23 

35 

35 

• ' ■ 1 

1 47.3 + 3.8 

21 

.3+1.8 

40® 

24 

02 

49 

18 

157.2 +13.5 

6 

,4 + 0,6 

41 

26 

22 

10 

213 

! 152.3 + 4.8 

6 

,6 + 0.2 

42 

i 27 

00 

00 

1 32 

112.7 + 7.4 

8 

,9 _+ 0.6 

43 

29 

06 

39 

62 

47.5 + 4.1 

21 

.2 + 1.8 

44 

29 

22 

48 

35 

67.7+4.0 

14 

.8 + 0.9 



Event 

Beginning 

Time 

(U.T.) 

Duration 

Average Pei*'iod 

Average Frequency 

No. 

Day 

Hour 

Min. 

(Min.) 

T. (Sec.) 

P. (Milli-Hz) 


I 


I 

30 

03 

09 

33 

132,0 + 23.9 

7,8 + 1.6 

46 

30 

06 

00 

96 

60.7 + 9,8 

16,9 +2,8 

47 

30 

22 

54 

22 

65,6 ^ 1.9 

15.3 + 0.4 


^Measurements made on pfily. 



Low Frequency Oscillations in the Earth's Magnetic Field 

Observed at ATS -1 
June, 1968 


Event 

No. 

Beginning 

Day 

Time 

Hour 

(U.Tc) 

Min. 

Duration 
(Min. ) 

Average Period 
T (Sec.) 

Average Frequency 
f (Milli-Hs) 

01 

Jun 01 

02 

00 

55 

71.0 + 606 

14.2 + 1.4 

02 

01 

19 

21 

45 

1 • 

30.2 + 3-5 '■ 

33.5 + 4.1 

03 

01 

23 

44 

35 

62.5 + 10.3 

16.4+2.5 

04 ® 

03 

02 

21 

94 

. 209.4 + 55.5 

5.0 + 1.1 

03 

03 

07 

16 

34 

49.1 + 6.5 

20.7 ± 2.7 

06 

03 

09 

31 

12 

48.1 ^ 6.8 

21.2 + 3.2 

07 

03 

21 

19 

73 

32.2 + 3.5 

31.4 + 3.7 

08 

o 4 

00 

12 

12 

67.3 + 12.5 

15.3 1 2.8 

09 

07 

17 

08 

91 

27.1 + 6.1 

38.5 i 8.9 

10 

07 

23 

26 

93 

115.3 + 8,1 

8.7 + 0.6 

11 

08 

02 

50 

58 

75.2+ 2.0 

13.6+2.3 

12 

08 

06 

33 

126 

50.4 + 10.3 

20.6 4.4 

13 

09 

03 

25 

94 

130.5 + 23.8 

7.9 + lo 5 

14 

09 

o 4 

11 

22 

79.8 + 6,2 

1 12.6 i 1.0 

15 

09 

07 

01 

324 

65.6 +_ 4,5 

15.3 + 1.2 

16 

09 

21 

19 

97 

33.9 :r 7.2 

30.7 + 6.7 

17 

09 

23 

20 

27 

73.7 + 7.8 

15.7+1.6 

18^ i 

IQ 

03 

45 

4 o 

170.7 + 29.7 

6.0 + 1.4 

19 L 

10 

09 

53 

10 

47.5 + 4.5 

21.3 + 2.2 

20 

10 

17 

59 

100 

71.6 + 11.4 

14.4 + 3.1 

21 

11 

13 

07 

62 

103.7 + 18.5 

9.9 + 1.7 


Event 

No„ 

Beginning Time 
Day Hour 

(U.T.) 

Min. 

Deration 
(Min. ) 

Average Period 
T (Bee.) 

Average Frequency 
f (Milli-Hz) 

' ! 

22 

Jun 11 

17 

10 

192 

290,0+ 5.9 

35.8 + 6.9 

23 . 

11 

20 

42 

161 

64.0 + 13.5 

16.3 +3.5 


12 

02 

08 

22 

183.6 + 16.2 

5.5 + 0.5 

25 

12 

09 

24 

23 

54,2.+ 8.1 

18,8 ^ 2.8 

26 

13 

16 

50 

17 

60,7 +16.9 

17.6 + 4.5 

27 

13 

20 

02 

67 

70.5 + 11.5 

14.6 + 2.7 

28 

14 

17 

44 

■ 58 

82.6 8.4 

12.2 + 1.3 

29 

14 

20 

36 

344 

68.6 8.0 

14.8 + 2.0 

30 

15 

23 

. 28 

148 

• 63.3+ 9.5 

16.1 + 2.4 

31 

16 

09 

48 

12 

79,7 i 13.1 

12.9 + 2.4 

32 

17 

00 

^ 06 

142 

101.3 + 6.0 

9.9 + 0.6 

35 ! 

17 

00 

26 

69 

82.6 + 2.3 

12.1 +0.3 

34a 

17 

01 

■42 

24 

157.1 i 19.5 

6.5 + 1.0 

55 ! 

17 

19 

08 

340 

56.2 + 6.3 

28.5 + 5.4 

3^ 

19 

07 

12 

16 ■ 

44.8 + 5.9 

22.5 + 2.0 

57 

22 

01 

24 

26 

118.3 + 11.6 

8.5 + 0-9 

38 

22 

21 

54 

21 

48.3 + 4.9 

. 20.8 + 2.0 

39 

22 

23 

00 

195 

66,4 ^ 6,7 

15.2 £ 1.7 


24 

17 

13 

42 

87.9 + 10.7 

11.6 + i .9 

IkL® 

26 

U 

17 

14 

181.2 + 10.0 ; 

5.5 + 0.3 

42 

26 

12 

18 

152 

87.1 + 12:5 

Hk 7 + 1.8 

45 

28 

00 

30 

38 

360.0+40.7 

2,8 + 0.3 

44 

28 

j 

02 

Q 5 j 

i 16 

) .■ 

176.0 i 32.5 

5.9 + 1.1 

^5 

28 

03 

19! 

i 143 

57.5 + 7.0 

17.7 + 2.3 

46 

29 

16 

36 

47 

129 . 2 + 10.0 

7.8 + 0.6 

47 

29 

23 

46 

26' 

99.5 +. 7.4 

10.1 + 0.8 

^Measurements made 

on Bj. 

only. 






Low Frequency Oscillations in the Earth’s Magnetic Field 

Observed at ATS~1 
July» 1968 


Event Beginning Time (U.T.) Duration Average Period 
Ho, Day Hour Min. (Min.) T (Sec.) 


01 

July 01 

00 

08 

34 

64.8 

+ 

9.5 

02 ^ 

01 

03 

31 

11 

134.4 

+ 

17.8 

03 

01 

05 

51 

41 . 

36.5 

+ 

6.0 

04 ^ 

02 

01 

50 

26 

96.6 

+ 

18.1 

05 ^ 

02 

08 

15 

132 

49.9 


12 .3 

06 

04 

00 

20 

61 

39.3 

+ 

5.6 

07 

04 

05 

19 

11 

77.6 

+ 

15.9 

08 ® 

04 

06 

58 

27 

53 . 8 

+ 

8.2 

09 

04 

09 

40 

25 

47.1 

+ 

10.4 

10 

04 

12 

11 

23 

69.0 

+ 

7.4 

11 

04 

19 

43 

30 

28.1 

+ 

5.3 

12 

04 

21 

53 

18 

30.8 

-{■ 

7.3 

•13 

04 

22 

50 

77 

32.0 

+ 

6.4 

14 

06 

10 

24 

47 

48 . 8 

+ 

3.4 

15 

. 10 

03 

37 

125 

61.0 

+ 

11.61 

16 

10 

12 

38 

70 

48.1 


9.7 

17 

10 

15 

10 

13 

44.5 

• f - 

9.7 

18 

18 

15 

03 

12 

39.3 


5.3 

19 

19 

04 

07 

33 

78,8 

+ 

12.0 

20 

20 

00 

50 • 

110 

116.7 

+ 

19 . 7 


Avei'^age Frequency 
f (Mi Hi -Hz) 

15.7 i ' 2.3 

7.6 + 1.1 

28.1 t 4.6 

• 10,6 ^ 2,0 

21.3 ^ 5.05 

29.7 > 4.4 

13.4 + 3.1 

18.9 + 3.1 

22.5 + 6.6 

14.7 + 1.8 

36.5 ^ 5,9 

33 . 6 ^ 5 , 5 

32.2 5.4 

20.6 ^ 1.4 

16.9 +_ 3.2 

21.6 +_ 4.5 

22.7 2.3 

25.8 + 3,9 
13.0 + 1.9 

8,8 + 1.5 


Event 

No. 

Beginning Time 
. Day Hour 

(U.T.) 

Min. 

Duration 
(Min. ) 

Aveirage Period 
T (Sec.) 

Average Fr'equencv 
f (Milli-Hz) 


21 

July 20 

16 

. 01 

84 

38.0 ^ 

6.22 

26.9 + 4.7 

22 

20 

18 

18 

57 

42.5 

7.5 

24.2 + 4,5 

23 

10 

18 

21 

73 

33.9 ^ 

5.5 

30.5 -1- 5,5 

24 

10 

21 

35 

286 

38.2 + 

7.9 

22.2 t 5. 8 

25 

11 

03 

55 

83 

51.5 + 

8.9 

20.0 +_ 3.7 

26^ 





241.5 ^ 

9.0 

4.1 i ,16 

27 

11 

06 

57 

62 

42.2 + 

8.7 

24.5 + 4.5 

28 

12 

02 

28 

49 

66.5 + 

13,6 

15.7 3.9 

29 

13 

20 

16 

121 

83.2 ^ 

14.3 

12.3 ^ 2.2 

30 

14 

00 

33 

266 

44.9 + 

9.0 

23.0 + 4.1 

31 

14 

16 

34 

50 

623.2 +_ 

244.4 

1.8 + .7 

32 

14 

21 

25 

83 

50.8 + 

4.3 

19.8 1.9 

33 

20 

21 

'40 

208 

43.4 ^ 

6.5 

23.6 ^ 3,6 

34®* 

25 

12 

07 

45 

55.7 + 

8.1 

IB. 3 + 2.6 

35® 

26 

03 

27 

107 

84,4 ^ 

13.9 

12.2 ^ 2.3 

36 

26 

09 

28 

86 

74.5 i 

11.7 

12.0 1.9 

37 

26 

17 

09 

143 

23. 8 

2.2 

42.3 + 3.7 

38 

26 

20 

46 

305 

47.7 +_ 

9.1 

21.7 + 4.0 

39 

27 

04 

59 

82 

43.5 +_ 

7.7 

23.5 3.9 

40 

28 

00 

18 

54 

28,0 + 

4.6 

36.3 +4.7 

41 

28 

03 

42 

35 

43.0 ^ 

6.6 

23.7 +_ 3.6 

42^ 





16. b ^ 

9.5 

13.6 + 1.7 

43 

30 

00 

08 

113 

81. 3 + 

10.1 

12.5 + 1.6 

®Meas 

urements made 

on B 2 

only. 



V 



^Ist Harmonic of previous event. 



Lw Frequency Oscillations in the Earth's Magnetic Field 

Observed at ATS-1 
August, 1968 


Event 

No. 

Beginning Tine 
Day Hour 

(U.T.) 

Min. 

Duration 

(Min.) 

Average Period 
T (Sec.) 

Average Frequency 
f (Mi Hi -Hz) ' 


01® 

Aug 03 

05 

01 

76 

44 

.3 + 5.1 

22.8 + 2.8 
•mm 

02 

03 

08 

15 

43 

47 

, 8 + '8, 5 

21,6 ^ 4.4 

03 

03 

22 

29 

278 

48 

,8 ^ 8.5 

21.1 ^ 4.1 

04^ 





82 

.9 + 12.8 

12.3 + 1.7 

05 

05 

04 

33 

18 

52 

.3 + 9.2 

19.5 + 3,0 

06 

06 

01 

17 

34 

68 

.6 + 13.7 

15.0 + 2.5 

07 

06 

03 

08 

147 

42 

• 1 7.8 

24.3 ^ 4.7 

08 

06 

23 

24 

i9 

32 

.6 + 5.9 

31.7 6. 7 

09 

07 

01 

34 

64 

92 

.5 + 11.7 

10.9 ^ 1.2 

10 

07 

05 

11 

13 

50 

.7 10.2 

20.4 ^ 4.4 

11® 

09 

02 

25 

25 

56 

, 0 »■+ 8.7 

18.2 ^ 2.9 

12 

09 

23 

39 

15 

121 

.2 + 16.7 

8.4 ^ 1.1 

13 

14 

02 

23 

18 

100 

.0 + 17.6 

10.3 1.8 

14® 

14 

06 

04 

26 

43 

.8+^ 6.8 

23.3 + 3.5 

15 

14 

08 

17 

133 

39 

.8+ 4.9 

25.5 +,3.3 

16 

15 

01, 

26 

114 

105 

.2 ^ 14.5 

9.7 + 1.3 

17 

15 

06 

40 

181 

47 

.6 + 6.6 

21.4 + 3.2 

18 

15 

21 

22 

12 

28 

.7 i .8 

34.0 ^ .9 

19 

16 

00 

41 

20 

■ 5o: 

.6 ^ 10,2 

20.4 +, 4.0 

20 

16 

16 

38 

21 

Jl4, 

,3 + 3.2 ‘ 

41.7 + 4,9 






f 












Event 

No. 

Beginning Time 
• Day Hour 

(U.T.) 

Min. 

Duration 
( Min , ) 

Average Period 
T (Sec.) 

Average Fxxsquency 
f (Hilli'Hz) 

21 

Aug 16 

19 

' 05 

12 

^7 

-2£J. 5 

3.1 

36.6 


22 

16 

23 

17 

13 

33,1 + 

6.2 

31.2 

+ 6.5 

23^ 

17 

22 

43 

21 

34.5 + 

4.2 

29.3 

+ 3.4 

24 

18 

00 

17 

120 

29.8 + 

4.8 

34.3 

+ 5.5 

25» 





61.0 + 

7.2 

16.6 

+ 1.8 

26 

18 

09 

02 

33 

55.8 + 

6.6 

18,2 

+ 2.3 

27 

19 

09 

36 

175 

52.1 + 

8.4 

19.7 

+ 3.4 

2^ 


■ 



89:0 + 

6.9 

11.3 

1 .9 

29 

19 

18 

55 

15 

84.7 ^ 

19.9 

12.4 

+ 2.9 

30 

19 

23 

29 

33 

40.1 + 

5.8 

25.5 

+_ 3.8 

31 

22 

22 

03 

116 

37.2 + 

8.3 

29.9 

+ 5.1 

32 

23 

06 

33 

37 

39.1 + 

4.1 

25.9 

1 3.0 

^■leasuremsnts made 

on 

only. 







^Ist Harmonic of previous event. 



